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[57] ABSTRACT 

An apparatus and method of precisely preloading a bearing 
onto a shaft is disclosed. The apparatus includes a base plate 
and a support mounted to and extending upWard from the 
base plate. The support is capable of supporting a shaft. The 
shaft has a shoulder, a tapered surface adjacent to the 
shoulder and a threaded portion adjacent to the tapered 
surface. A shim is positioned on the shaft adjacent to the 
shoulder and a bearing is positioned adjacent to the shim. 
The bearing has an inner race, an outer race and a plurality 
of roller elements positioned therebetWeen. The bearing is 
preloaded onto the shaft by a lock nut Which is secured to the 
threaded portion of the shaft and Which contacts the inner 
race of the bearing. The apparatus further includes a motor 
mounted to the base plate and an output shaft Which is 
axially aligned With and connectable to the outer race of the 
bearing. The motor is capable of rotating the outer race of 
the bearing at a predetermined speed. A force sensor is 
attached to the motor Which is capable of measuring the 
amount of torque required to rotate the outer race at a 
predetermined speed. The measured torque is then visually 
displayed on a display unit. When the measured torque is 
Within the predetermined torque range, the bearing Will be 
precisely loaded. The method includes sliding a ?rst shim 
onto the support shaft until it abuts the shoulder. The ?rst 
shim has a predetermined thickness. A bearing is then slid 
onto the tapered surface and a lock nut is tightened onto the 
threaded portion of the shaft. As the lock nut contacts the 
inner race of the bearing it causes the inner race to contact 
the ?rst shim and also to radially expand outWardly, thereby 
preloading the bearing. The outer race of the bearing is then 
connected to a motor and the motor is operated at a 

predetermined, constant speed. The torque required to rotate 
the outer race of the bearing is measured and compared to a 
predetermine torque range to determine if the bearing is 
precisely preloaded. 

20 Claims, 3 Drawing Sheets 
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APPARATUS AND METHOD OF PRECISELY 
PRELOADING A BEARING ONTO A SHAFT 

FIELD OF THE INVENTION 

This invention relates to an apparatus and method of 
precisely preloading a bearing onto a shaft. More 
speci?cally, this invention relates to an apparatus and 
method of precisely preloading a spherical roller bearing 
onto a shaft. 

BACKGROUND OF THE INVENTION 

Bearings are used for many different applications. Spheri 
cal roller bearings are bearings Which contain an outer race, 
an inner race, and a plurality of freely rotatable spherical 
roller elements positioned betWeen the tWo races. The inner 
race further contains a taper bore formed on the interior 
diameter thereof Which is designed to mate With a taper 
machined into the shaft on Which it is to be mounted. 
Spherical roller bearings are commonly used by the printing 
industry and by manufacturers employing rotary die cutters. 
Rotary die cutters can be used to cut many different kinds of 
materials. Normally, a pair of spherical roller bearings are 
used to rotatably mount a rotary die cutter onto a shaft Which 
is then assembled into a die cutting module. When using 
such bearings, it is important that the bearings be precisely 
preloaded so as to provide a precision mounting of the rotary 
die cutter and also to extend the life of the bearing. 
As stated above, the tapered bore on the internal diameter 

of a spherical roller bearing is designed to match up With a 
taper machined into the shaft onto Which the bearing Will be 
mounted. For those operations Wherein a rotary die cutter is 
employed, a shaft Will have the rotary die cutter mounted in 
the center thereof and Will contain a pair of tapered surfaces, 
each located adjacent to one side of the die cutter. Ashoulder 
is machined into the shaft adjacent to each tapered surface 
and a threaded portion is machined into the shaft adjacent to 
the tapered portions. A metal shim is slid onto the shaft and 
is positioned adjacent to the shoulder. The spherical roller 
bearings are then positioned onto the tapered surfaces. The 
thickness of each shim Will dictate the distance an adjacent 
bearing Will be able to move up the tapered surface. A lock 
nut is then threaded onto each end of the shaft and each lock 
nut Will contact the inner race of one of the bearings. As the 
inner race of each bearing expands, it causes the bearing to 
be preloaded on the shaft. The lateral distance the bearing 
moves up the tapered surface is determined by the thickness 
of the metal shim Which has been slid onto the shaft. If the 
bearing is not sufficiently preloaded, it Will be sloppy and the 
shaft it is supporting Will not revolve With the required 
precision. Conversely, if the bearing is excessively 
preloaded, it Will fail prematurely requiring expensive 
doWntime and replacement. 

Today, many different methods are used to preload a 
bearing onto a shaft. TWo common methods include the use 
of a bearing gauge and gauge blocks Which are used to 
determine the proper shim thickness required to set the 
bearing preload. This method Works Well on brand neW 
bearings but cannot be used to preload reconditioned bear 
ings. A second method involves the use of a string Which is 
Wrapped around the outer race of a bearing after it has been 
secured in place by the lock nut. The free end of the string 
is attached to a spring scale, similar to those used to Weigh 
?sh. As the string is pulled, the resistance of the roller 
elements of the bearing can be felt. This method is very 
subjective to human error and therefore tends to be 
inaccurate, especially When performed by an inexperienced 
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2 
operator. Although this method does Work on both neW and 
reconditioned bearings, it Will not Work When the bearings 
are packed With certain synthetic greases Which do not have 
an extreme pressure additive. 

NoW, an apparatus and method have been invented for 
precisely preloading a neW or reconditioned bearing onto a 
shaft. The apparatus and method also Work on bearings 
Which have been packed With certain synthetic greases 
Which do not have an extreme pressure additive. 

SUMMARY OF THE INVENTION 

Brie?y, this invention relates to an apparatus and method 
of precisely preloading a bearing onto a shaft, especially a 
spherical roller bearing. The apparatus includes a base plate 
and a support mounted to and extending upWard from the 
base plate. The support is capable of supporting a shaft. The 
shaft has a shoulder, a tapered surface adjacent to the 
shoulder and a threaded portion adjacent to the tapered 
surface. A shim is positioned on the shaft adjacent to the 
shoulder and a bearing is positioned adjacent to the shim. 
The bearing has an inner race, an outer race and a plurality 
of roller elements positioned therebetWeen. The bearing is 
preloaded onto the shaft by a lock nut Which is secured to the 
threaded portion of the shaft. The lock nut contacts the inner 
race of the bearing and forces the inner race to expand 
outWardly. This action causes the bearing to be preloaded 
onto the shaft. The apparatus further includes a motor 
mounted to the base plate. The motor has an output shaft 
Which is axially aligned With and connectable to the outer 
race of the bearing. The motor is capable of rotating the 
outer race of the bearing at a predetermined, constant speed. 
A force sensor is attached to the motor Which is capable of 
measuring the amount of torque required to rotate the outer 
race at the selected predetermined speed. The measured 
torque is then visually displayed on a display unit. When the 
measured torque is Within a predetermined torque range, the 
bearing Will be precisely loaded. 

The method includes sliding a ?rst shim onto the support 
shaft until it abuts the shoulder. The ?rst shim has a 
predetermined thickness. A bearing is then slid onto the 
tapered surface and a lock nut is tightened onto the threaded 
portion of the shaft. As the lock nut contacts the inner race 
of the bearing it causes the inner race to expand. This 
reduces the distance betWeen the inner and outer races and 
preloads the roller elements of the bearing. The outer race of 
the bearing is then connected to a motor and the motor is 
operated at a predetermined, constant speed. The torque 
required to rotate the outer race of the bearing is measured 
and compared to a predetermine torque range to determine 
if the bearing is precisely preloaded. 
The general object of this invention is to provide an 

apparatus and method of precisely preloading a bearing onto 
a shaft. A more speci?c object of this invention is to provide 
an apparatus and method of precisely preloading a spherical 
roller bearing onto a shaft. 

Another object of this invention is to provide an apparatus 
and method of precisely preloading a neW or reconditioned 
bearing onto a shaft. 

Still another object of this invention is to provide an 
apparatus and method of precisely preloading a bearing onto 
a shaft even When the bearing has been packed With certain 
synthetic greases Which do not have an extreme pressure 
additive. 
A further object of this invention to provide an easy and 

reliable method of precisely preloading a spherical roller 
bearing onto a shaft. 
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Still further, an object of this invention is to provide a 
relatively simple apparatus for precisely preloading a spheri 
cal roller bearing onto a shaft. 

Still further, another object of this invention is to provide 
a simple and straight forWard method of precisely preload 
ing a bearing onto a shaft Which provides digital readouts of 
the measured torque in standard in-lb. units. 

Other objects and advantages of the present invention Will 
become more apparent to those skilled in the art in vieW of 
the folloWing description and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top vieW of an apparatus for precisely 
preloading a bearing onto a shaft. 

FIG. 2 is a side vieW of the apparatus shoWn in FIG. 1 
depicting the front panel of the display unit. 

FIG. 3 is an exploded side vieW of a portion of a support 
shaft shoWing the arrangement of a shim, bearing, spacer, 
lock Washer and lock nut and including a partial cross 
sectional vieW of one of the roller elements of the bearing. 

FIG. 4 is an assembled side vieW of the components 
shoWn in FIG. 3 depicting the bearing in a preloaded 
condition. 

FIG. 5 is a How diagram of the method of precisely 
preloading a bearing onto a shaft. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIGS. 1 and 2, an apparatus 10 is shoWn 
Which is capable of precisely preloading a bearing 12, 
especially a spherical roller bearing, onto a shaft 14. The 
apparatus 10 includes a base plate 16 and a support 18 
mounted to the base plate 16. The support 18 extends 
upWard from the base plate 16 and can be in the form of a 
single support member or a pair of support members as 
shoWn in the Figures. The support 18 is capable of support 
ing the shaft 14, preferably in a horiZontal position, onto 
Which almost any type of device can be mounted. As shoWn, 
the shaft 14 has mounted thereon a rotary die cutter 20 Which 
can be used to cut predetermined shape products out of an 
elongated ribbon of one or more layers of material. The shaft 
14 can also support other devices, including printing rolls 
Which are extensively used in the printing industry and 
various rolls for the paper industry. Typically, the device 
mounted on the shaft 14 Will be centered thereon and a 
bearing 12 Will be mounted on each side of the device. The 
pair of bearings 12 function to alloW the assembly to be 
placed into a module of a machine such that the shaft 14 can 
be rotated on the bearings 12. 

Referring to FIGS. 3 and 4, one end of the shaft 14 is 
shoWn having a shoulder 22, a tapered surface 24 located 
adjacent to the shoulder 22 and a threaded portion 26 located 
adjacent to the tapered surface 24. It should be noted that 
When a pair of bearings 12 are designed to be mounted on 
opposite ends of the shaft 14, that each end of the shaft 14 
Will contain a shoulder 22, a tapered surface 24 and a 
threaded portion 26. Coaxially positioned onto the shaft 14 
is a ?rst shim 28 Which is slid up to the shoulder 22. The ?rst 
shim 28 can be formed from almost any material but 
preferably is metal. The ?rst shim 28 has an internal 
diameter 30 Which is less than the outside diameter of the 
shoulder 22. This siZe difference Will prevent the ?rst shim 
28 from extending beyond the shoulder 22. The ?rst shim 28 
Will have a predetermined thickness Which is machined to a 
very precise dimension. For example, the ?rst shim 28 can 
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4 
have a thickness Which is measured in thousands of an inch 
or in ten thousands of an inch. The thickness of the ?rst shim 
28 is selected based upon the bearing manufacturer’s 
recommendation, taking into account the siZe and type of 
bearing 12 being used, the diameter of the shaft 14, the taper 
formed into the tapered surface 24, etc. The bearing 12, can 
be any type of roller bearing having a tapered internal bore 
32 Which is machined to mate With the tapered surface 24 of 
the shaft 14 onto Which it is intended to be used. Preferably, 
the bearing 12 is a spherical roller bearing such as those 
commercially sold by SKF Industries, Inc. having an office 
at 1100 First Avenue, King of Prussia, Pa., 19406. 
The bearing 12 consists of an inner race 34, an outer race 

36 and a plurality of roller elements 38 positioned betWeen 
the inner and outer races, 34 and 36 respectively. One of the 
roller elements 38 of the bearing 12 is shoWn in a partially 
cut aWay vieW in FIG. 3. The bearing 12 should be siZed to 
?t the shaft 14 onto Which it is intended to be used. Atypical 
bearing 12 used on a rotary die cutter 20 in applicants’ 
manufacturing process is an SKF Industries, Inc. bearing, 
model number 26182, having a 50 mm internal diameter 
taper bore, a 90 mm outside diameter, and a Width or 
thickness of 23 mm. HoWever, it should be noted that any 
type or siZe of bearing 12 may be used. Spherical roller 
bearings seem to perform best in a rotary die cutter assem 
bly. The bearings 12 Which are used for a particular appli 
cation can vary in physical siZe, they can have different 
inside and/or outside diameters, the Width can be varied 
betWeen thin and thick, and the taper formed on the internal 
bore of each bearing can be machined to match the tapered 
surface 24 of the shaft 14 onto Which the bearing 12 Will be 
positioned. 

Each bearing 12 is normally packed With an industrial 
grease to alloW the roller elements 38 to smoothly rotate 
betWeen the inner and outer races, 34 and 36 respectively. 
The grease used in the bearing 12 can vary in viscosity and 
can be a synthetic grease Which may or may not contain arT 
extreme pressure additive. One supplier of such bearing 
grease is Mobil Oil Corporation having an of?ce at 3225 
Gallops Road, Fairfax, Va. 22037. Premium greases such as 
Mobilith SHC 15, 46 and 100 are high-performance greases 
Which combine a synthetic base ?uid With a lithium complex 
soap thickener. The synthetic base oil alloWs for loW 
temperature pumpability and very loW start/run torque val 
ues. They are not extreme-pressure greases. The Mobilith 
SHC 100 is an NGLI Grade 2 grease formulated With an ISO 
100 viscosity grade base oil. It satis?es the long service life 
and performance requirements of grease-lubricated rolling 
element bearings for most electric-motor manufacturers. 

Referring again to FIGS. 3 and 4, the bearing 12 is 
coaxially slid onto the shaft 14 so as to be positioned 
adjacent to the ?rst shim 28. In this position, the bearing 12 
may or may not be in physical contact With the ?rst shim 28. 
After the bearing 12 is positioned on the shaft 14, a spacer 
40 and a lock Washer 42 are slid onto the shaft 14. A lock nut 
44 is then screWed onto the threaded portion 26 of the shaft 
14 and causes the spacer 40 to contact the inner race 34 of 
the bearing 12. As the lock nut 44 is tightened onto the 
threaded portion 26, the bearing 12 Will be forced up the 
tapered surface 24 and into physical contact With the ?rst 
shim 28. This action Will cause the inner race 34 of the 
bearing 12 to expand outWard thus preloading the bearing 12 
onto the shaft 14. As the inner race 34 expands outWard, the 
“play” or distance betWeen the individual roller elements 38 
and the inner and outer races, 34 and 36 respectively, Will be 
reduced. This reduction of “play or runout” increases the 
precision of the bearing 12. It should be noted that a spacer 
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40 and a lock Washer 42 are optional but When present they 
Will assist the lock nut 44 in securing and retaining the 
bearing 12 in position. The preloaded bearing assembly is 
shoWn in FIG. 4. 

It should be noted that it is advantageous to preload each 
bearing 12 onto the shaft 14 to a precise value. For neW 
bearings, the preload value Will be set by the bearing 
manufacturer. For reconditioned bearings, the preload value 
Will be that determined by best judgment based on actual 
experience for similar shaft assemblies, i.e. rotary die cutter 
assemblies. By correctly setting each bearing to it’s recom 
mended preload value, one Will ensure that the shaft 14 Will 
rotate With the necessary precision and that each bearing 12 
can be utiliZed to it’s maximum potential. If a bearing 12 is 
not precisely preloaded to it’s recommended value, it Will be 
sloppy and the rotary die cutter 38, Which is being supported 
on the shaft 14, Will not run With the required precision. 
Conversely, if the bearing 12 is excessively preloaded, it Will 
fail prematurely thereby requiring expensive doWntime and 
replacement. When a bearing 12 fails, the rotary die cutter 
20 must be removed from the larger machine assembly and 
be dismantled. The failed bearing 12 must then be replaced 
or be reconditioned. The rotary die cutter 20 then has to be 
reassembled and integrated back into the larger machine 
assembly. All of this is requires time, is very labor intensive, 
and therefore expensive. 

Referring again to FIGS. 1 and 2, the apparatus 10 further 
includes a motor 46 Which is movably mounted, directly or 
indirectly, to the base plate 16 via a support 47. It is 
advantageous to secure the motor 46 and support 47 to the 
base plate 16 in such a fashion that it can be easily adjusted 
in at least tWo, and preferably in three directions (x, y and 
Z axes), relative to the shaft 14. For example, the support 47 
can contain a plurality of slots 48 Which receive bolts 50 to 
secure the motor 46 to the base plate 16. This Will enable the 
motor 46 and support 47 to be moved lengthWise on the base 
plate 16 and be tightened in the desired position. It should 
be noted that the support 47 can be secured to the base plate 
16 by other fastening mechanisms, including bolts and nuts, 
machine screWs, keys and keyWays, mechanical stops, pins, 
etc. 

The motor 46 can be any kind of motor Which is capable 
of operating at a constant speed. The motor 46 can be an air 
or pneumatic motor, an electrical (alternating or direct 
current) motor, a hydraulic motor, or any other kind of 
commercially available motor. The motor 46 has an output 
shaft 52 Which is axially aligned With the shaft 14 and 
connectable to the outer race 36 of the bearing 12. The motor 
46 is capable of rotating the outer race 36 of the bearing 12 
at a predetermined, constant speed. One means of connect 
ing the output shaft 52 to the outer race 36 of the bearing 12 
is by a holloW drive tube 54. The drive tube 54 contains a 
circular plate 56 at one end Which has an aperture 58 formed 
therethrough. The aperture 58 is shaped and siZed to 
securely receive the output shaft 52 of the motor 46. The 
opposite end of the drive tube 54 contains a set screW 60 
adjustably positioned in an opening formed in the outer 
periphery of the drive tube 54. The drive tube 54 has an 
internal diameter Which is siZed to closely ?t over the outer 
race 36 of the bearing 12. The set screW 60 is then tightened 
to secure the drive tube 54 to the outer race 36 of the bearing 
12. The drive tube 54 provides a mechanical connection 
betWeen the output shaft 52 of the motor 46 and the outer 
race 36 of the bearing 12. This connection Will assure that 
the outer race 36 of the bearing 12 Will rotate at the same 
speed as the output shaft 52 of the motor 46. By operating 
the motor 46, one can rotate the outer race 36 of the bearing 
12. 
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6 
It should be noted that other types and kinds of mechani 

cal connections can be substituted for the drive tube 54. For 
example, the motor 46 could be axially moved closer to the 
bearing 12 and a bracket could be used to join the output 
shaft 52 to the outer race 36 of the bearing 12. It is 
contemplated that equivalent mechanical connectors Will be 
apparent to those skilled in the art. 

The motor 46 is supported by a pair of ball bearings and 
is equipped With a torque arm 62 Which can create resistance 
Which prevents or limits the rotation of the motor 46. The 
actual rotational speed of the motor 46 can be governed by 
a speed potentiometer for an electric motor or by controlling 
air pressure used to drive an air motor. Apotentiometer is an 
instrument for measuring an unknoWn voltage or potential 
difference by comparison to a standard voltage. A force 
sensor 64 is attached to the torque arm 62 and is capable of 
measuring the amount of torque required to rotate the outer 
race 36 of the bearing 12 for a given setting on the torque 
arm 62. The force sensor 64 can be a load cell, a strain gauge 
or a variable resistor. A force sensor, such as a load cell, 
normally indudes an ampli?er to enhance the output signal. 
Force sensors 64 are available from Magnetic PoWer Sys 
tems Inc. having an of?ce located at 1628 Manufacturers 
Drive, Fenton, Mo. 63026. Model CLI-5 load cell and model 
TR-3 tension ampli?er Work ?ne in apparatus 10. 
The force sensor 64 is electrically connected via a Wire 66 

to a display unit 68. The display unit 68 provides a visual 
readout of the measured torque. The display unit 68 can 
contain a digital torque indicator 70 and/or an analog torque 
meter 72. The digital torque indicator 70 Will display a 
numerical value for the torque sensed by the force sensor 64. 
The digital torque indicator 70 can be a model IMD-100 
meter commercially available from Red Lion Controls hav 
ing an of?ce at 20 WilloW Springs Circle, York, Pa. 17402. 
The analog torque meter 72 has a dial display and can 
provide a go/no go indication. The analog torque meter 72 
can be a model 16235 meter commercially available from 
Simpson Electric Company having an of?ce located at 853 
Dundee Avenue, Elgin, Ill. 60120. It should be noted that 
When using the analog torque meter 72, the operator must 
establish a range of acceptable values, i.e. establish an upper 
and a loWer value Within Which the measured torque values 
are acceptable. 

The apparatus 10 can further include an rpm (revolutions 
per minute) sensor 74 Which is mounted so as to record the 
revolutions of the drive tube 54. In FIG. 2, the rpm sensor 
74 is shoWn being attached to the motor support 47. An 
indicator of some kind, such as a mark, an indentation, a 
protuberance, etc. is located on the drive tube 54 so as to 
enable the rpm sensor 74 to sense a complete revolution. The 
output from the rpm sensor 74 is electrically conveyed 
through a Wire 76 to the display unit 68. The output from the 
rpm sensor 74 is digitally displayed on an rpm indicator 78. 
The rpm indicator 78 can be a tachometer such as model 
47100-400 commercially available from Durant 
Instruments, Cutler-Hammer Inc. having an of?ce at 4201 N. 
27th MilWaukee, Wis. 53216. The need to utiliZe the rpm 
sensor 74 and rpm indicator 78 is optional and if one uses a 
motor capable of being set to a constant speed, there Would 
be no need for recording the rpm. 

It should be noted that the rpm sensor 74 can also be 
mounted so as to record the revolutions of the output shaft 
52, if desired. One may Wish to position the rpm sensor 74 
if the drive tube 54 is not utiliZed. 

The poWer needed to operate the motor 46, for actuating 
the sensors 64 and 74, and to activate the indicators 70, 72 
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and 78 can be supplied by a power supply unit 80. The 
poWer supply unit 80 can have an on/off switch 82, as shown 
in FIG. 2. The motor 46 and the display unit 68 can be 
electrically connected such that When the on/off sWitch 82 is 
actuated to the “on” position, all of the devices requiring 
poWer Will become operational. 

The apparatus 10 can further include a sWivel plate 84 
Which can sWivel up to 360° on the base plate 16. The sWivel 
plate 84 is rotatably attached to the upper surface of the base 
plate 16 and When present, Would have the supports 18 
attached thereto. The sWivel plate 84 utiliZes a locking 
mechanism 86 to retain the shaft 14 in an axial relationship 
With the output shaft 52 of the motor 46. The locking 
mechanism 86 can consist of any knoWn type of mechanical, 
electrical, hydraulic or pneumatic mechanism. A simple 
locking mechanism utiliZes at least one pull type plunger 88 
Which is spring loaded into a doWn or lock position. The 
pull-type plunger 88 is a pin mechanism Which is designed 
to nest in an aperture 90 formed in the base plate 16. The 
locking mechanism 86 also necessitates that the sWivel plate 
84 be mounted to the base plate 16 by a pivot pin 92. By 
pulling up on the pull type plunger 88, the sWivel plate 84 
becomes free to rotate on the pivot pin 92 relative to the base 
plate 16. Once the bearing 12 on one side of a rotary die 
cutter 20 has been preloaded, the pull type plunger 88 is 
pulled upWard against the spring pressure and the sWivel 
plate 84 is rotated 180 degrees. The pull type plunger 88 Will 
then be inserted into a second hole 94 Which is present in the 
base plate 16. By carefully machining the holes 90 and 94 
in the base plate 16, one can be assured that after rotating the 
sWivel plate 84 exactly 180°, that the shaft 14 Will be axially 
aligned With the output shaft 52 of the motor 46. This Will 
alloW a second bearing to be preloaded onto the shaft 14 
Without requiring the operator to physically lift the rotary die 
cutter 20 off of the supports 18, rotate the rotary die cutter 
20 and then reposition the die cutter onto the supports 18. 
The sWivel plate 84 is especially useful When the rotary die 
cutter 20 is heavy. The sWivel plate 84 can thereby increase 
the efficiency of the apparatus 10 When a pair of bearings 12 
are to be positioned and preloaded onto opposite ends of a 
shaft. 

METHOD 

Referring to FIG. 5, the method of precisely preloading a 
bearing 12 onto a shaft 14 is depicted in the form of a How 
diagram. The method includes the steps of supporting the 
shaft 14, preferably in a horiZon position on a pair of 
supports 18. The shaft 14 has tWo distally spaced ends With 
an enlarged shoulder 22 formed adjacent to each end. The 
shaft 14 also has a tapered surface 24 located adjacent to 
each shoulder 22 and a threaded portion 26 located adjacent 
to each tapered surface 24. The method Will be described 
relative to only one end of the shaft 14. It should be noted 
that a bearing 12 can be preloaded onto each end of the shaft 
14 in the exact same manner. 

The ?rst item Which is slid onto the shaft 14 is a ?rst shim 
28. The ?rst shim 28 has an internal diameter Which is less 
than the outer diameter of the enlarged shoulder 22. This siZe 
difference alloWs the ?rst shim 28 to slide up to and abut the 
shoulder 22 but Will prevent the ?rst shim 28 from sliding 
over the shoulder 22. The ?rst shim 28 is preferably metal 
and has a predetermined thickness Which is ?nely calibrated. 
The thickness of the ?rst shim 28 is usually de?ned by the 
bearing manufacturer. A bearing 12, preferably a spherical 
roller bearing, is then slid onto the tapered surface 24. The 
bearing 12 has an inner race 34, an outer race 36 and a 
plurality of roller elements 38 positioned therebetWeen. The 
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8 
bearing 12 is normally packed With grease to facilitate roller 
movement and to reduce heat buildup. A spacer 40 and a 
lock Washer 42 can then be optionally slid onto the shaft 14, 
if desired. Lastly, a lock nut 44 is tightened onto the threaded 
portion 26 of the shaft 14 and contacts the inner race 36 of 
the bearing 12 via the spacer 40 and the lock Washer 42 When 
they are present. As the lock nut 44 is tightened on the 
threaded portion 26, it causes the bearing 12 to move upWard 
along the tapered surface 24 and physically contact the ?rst 
shim 28. As this occurs, the inner race 36 of the bearing 12 
is radially expanded thereby reducing the radial distance 
betWeen the inner and outer races, 34 and 36, respectively. 
This action exerts a force on the plurality of roller elements 
38 thereby preloading the bearing 12. The more the locking 
nut 44 is tightened, the higher the preload on the bearing 12. 

Once the bearing 12 has been preloaded onto the shaft 14 
to an approximate value, the preload value can be measured 
to see What type of ?nal adjustment is needed to precisely 
preload the bearing 12 to a predetermined value. The precise 
preload value can be either a value set by the bearing 
manufacturer or be a value arrived at based upon past 
experience With a particular rotary die cutter 20. The outer 
race 36 of the bearing 12 is then securely connected to a 
motor 46 Which is capable of operating at a predetermined, 
constant speed. The connection can be by Way of a holloW 
drive tube 54 or some similar kind of connector. The motor 
46 is joumalled by a pair of ball bearings and is equipped 
With a torque arm 62 Which can create resistance Which 
prevents or limits the rotation of the motor 46. The actual 
rotational speed of the motor 46 can be governed by a speed 
potentiometer for an electric motor or by controlling air 
pressure used to drive an air motor. The rpm of the motor 46 
can be measured by an rpm sensor 74 and this measured 
value can be electrically relayed to an rpm indicator 78. The 
rpm indicator 78 forms part of the display unit 68 and can 
provide a digital readout of the measured value. The rpm 
indicator 78 is useful When the motor 46 is capable of 
operating at more than one constant speed for it Will advise 
the operator of exactly What speed the motor 46 is running. 
A force sensor 64 is attached to the torque arm 62 of the 

motor 46 and is capable of measuring the amount of torque 
required to rotate the outer race 36 of the bearing 12 for a 
given setting on the torque arm 62. When the motor 46 is 
initially started up, a Warm up period is recommended in 
order to Warm up the bearing grease. The Warm up period for 
the bearing 12 should be less than about 10 minutes, 
preferably less than about 5 minutes and most preferably, 
about 3 minutes. The motor 46 can rotate the outer race 36 
of the bearing 12 at various speeds but a speed of betWeen 
1—500 rpm, preferably less than about 250 rpm and prefer 
ably about 100 rpm is suf?cient for most applications. With 
the motor 46 running, the torque required to rotate the outer 
race 36 of the bearing 12 is instanteously measured and 
displayed using a force sensor 64 electrically connected to a 
display unit 68. The display unit 68 can include a digital 
torque indicator 70 and/or an analog torque meter 72. The 
digital torque indicator 70 Will display the measured torque 
value in numerical form Which is easy to read. The analog 
torque meter 72, on the other hand, uses a dial With a 
movable needle and is bene?cial to use When a go/no go 
range of torque values has been determined. With the analog 
torque meter 72, an operator can quickly see if the measured 
torque value has actuated the needle such that it falls Within 
the preselected range. 
The measured torque value is then compared to a prede 

termined torque value or to a go/no go range of torque 
values. If the measured torque matches the predetermined 
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torque value or if it is Within the predetermined torque range, 
then the bearing 12 is precisely preloaded onto the shaft 14. 
If the measured torque does not match the predetermined 
torque value or if it is outside the predetermined torque 
range, then an adjustment must be made. If the amount of 
adjustment is small, it may be possible to adjust the preload 
on the bearing 12 by simply tightening or loosening the lock 
nut 44. By a “small amount” is meant a difference of less 
than about 0.75 in-lbs. HoWever, if the measured torque 
value deviates from the predetermined torque value by more 
than a small amount, then it Will be necessary to remove the 
lock nut 44, the lock Washer 42, the spacer 40, the bearing 
12 and the ?rst shim 28. The ?rst shim 28 Will have to be 
replaced With a second shim Which has a thickness either 
less than or greater than the ?rst shim 28. The thickness of 
the second shim Will be selected based upon the amount of 
difference the measured torque value is aWay from the 
predetermined torque value. When the measured torque 
value is less than the predetermined torque value, a second 
shim must be selected Which is thinner than the ?rst shim 28. 
Conversely, When the measured torque value is greater than 
the predetermined torque value, a second shim must be 
selected Which is thicker than the ?rst shim 28. The second 
shim is selected such that it’s thickness Will increase about 
0.002 inches for every 1.5 in-lbs. the measured torque value 
eXceeds the predetermined torque value. LikeWise, the thick 
ness of the second shim should decrease about 0.002 inches 
for every 1.5 in-lbs. the measured torque value is beloW the 
predetermined torque value. 

After a second shim has been selected having the correct 
thickness, it is positioned on the shaft 14 in a similar manner 
as Was the ?rst shim 28. The bearing 12, the spacer 40, the 
lock Washer 42 and the lock nut 44 are again reassembled 
onto the shaft 14 as described above. The lock nut 44 is 
again tightened to bring the inner race 34 of the bearing 12 
into physical contact With the second shim. This action 
radially eXpands the inner race 34 of the bearing 12 and 
thereby preloads the bearing 12 onto the shaft 14. The torque 
required to rotate the outer race 36 of the bearing 12 is again 
measured With the force sensor 64 When the motor 46 is 
operating and the torque arm 62 is again set as described 
above. The measured torque value is again instantaneously 
measured and displayed. This measured torque value is 
again compared to a predetermined torque value to deter 
mine if the bearing 12 is precisely preloaded. If the mea 
sured torque value matches the predetermined torque value 
than the bearing 12 Will be precisely preloaded. If the 
measured torque value does not match the predetermined 
torque value, then the second shim may have to be replaced 
by a third shim having a different thickness. 

While the invention has been described in conjunction 
With a speci?c embodiment, it is to be understood that many 
altematives, modi?cations and variations Will be apparent to 
those skilled in the art in light of the foregoing description. 
Accordingly, this invention is intended to embrace all such 
altematives, modi?cations and variations Which fall Within 
the scope of the appended claims. 
We claim: 
1. A method of precisely preloading a rotary die cutter 

shaft bearing, said method comprising the steps of: 
a) providing a rotary die cutter shaft having a shoulder, a 

tapered surface adjacent to said shoulder and a threaded 
portion adjacent to said tapered surface; 

b) sliding a ?rst shim onto said rotary die cutter shaft until 
said ?rst shim abuts said shoulder, said ?rst shim 
having a predetermined thickness; 

c) sliding a spherical roller bearing onto said tapered 
surface, said spherical roller bearing having an inner 
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race, an outer race and a plurality of spherical roller 
elements positioned betWeen said inner race and said 
outer race; 

d) eXpanding said inner race by tightening a lock nut onto 
said threaded portion of said rotary die cutter shaft to 
force said inner race into contact With said ?rst shim, 
thereby preloading said spherical roller bearing; 

e) connecting said outer race of said spherical roller 
bearing to a motor and operating said motor at a 
predetermined speed; 

f) measuring the torque required to rotate said outer race 
of said spherical roller bearing; and 

g) comparing said measured torque to a predetermined 
torque range to determine if said spherical roller bear 
ing is precisely preloaded. 

2. The method of claim 1 Wherein if said measured torque 
is Within said predetermined torque range, said spherical 
roller bearing is precisely preloaded onto said rotary die 
cutter shaft. 

3. The method of claim 1 Wherein if said measured torque 
is outside of said predetermined torque range, said method 
further includes: 

a) removing said lock nut, spherical roller bearing and 
?rst shim; 

b) replacing said ?rst shim With a second shim having a 
different thickness, the thickness of said second shim 
being selected based upon the amount of difference said 
measured torque is aWay from said predetermined 
torque range; and 

c) positioning said second shim onto said rotary die cutter 
shaft until said second shim abuts said shoulder, reas 
sembling said spherical roller bearing and lock nut onto 
said rotary die cutter shaft, and repeating steps (d—g) of 
claim 1 to preload said spherical roller onto said rotary 
die cutter shaft. 

4. The method of claim 1 Wherein if said measured torque 
is greater than said predetermined torque range, then select 
ing a second shim having a thickness greater than said ?rst 
shim. 

5. The method of claim 1 Wherein if said measured torque 
is loWer than said predetermined torque range, then selecting 
a second shim having a thickness Which is less than said ?rst 
shim. 

6. The method of claim 1 Wherein said spherical roller 
bearing is a reconditioned bearing. 

7. The method of claim 1 further comprising providing a 
sWivel plate for retaining said rotary die cutter shaft in an 
aXial relationship With said motor. 

8. A method of precisely preloading rotary die cutter shaft 
bearings on both ends of a rotary die cutter shaft, said 
method comprising the steps of: 

a) providing a rotary die cutter shaft having a shoulder, a 
tapered surface adjacent to said shoulder, and a 
threaded portion adjacent to said tapered surface; 

b) sliding a ?rst shim onto said rotary die cutter shaft until 
said ?rst shim abuts said shoulder, said ?rst shim 
having a predetermined thickness; 

c) sliding a spherical roller bearing onto said tapered 
surface, said spherical roller bearing having an inner 
race, an outer race and a plurality of spherical roller 
elements positioned betWeen said inner race and said 
outer race; 

d) eXpanding said inner race by tightening a lock nut onto 
said threaded portion of said rotary die cutter shaft to 
force said inner race into contact With said ?rst shim, 
thereby preloading said spherical roller bearing; 
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e) connecting said outer race of said spherical roller 
bearing to a motor and operating said motor at a 
predetermined speed; 

f) measuring and displaying the torque required to rotate 
said spherical roller bearing; and 

g) comparing said measured torque to a predetermined 
torque range to determine if said spherical roller bear 
ing is precisely preloaded. 

9. The method of claim 8 Wherein if said measured torque 
is Within said predetermined torque range, said spherical 
roller bearing is precisely preloaded onto said rotary die 
cutter shaft. 

10. The method of claim 8 Wherein if said measured 
torque is outside of said predetermined torque range, said 
method further includes: 

a) removing said lock nut, spherical roller bearing and 
?rst shim; b) replacing said ?rst shim With a second 
shim having a different thickness, the thickness of said 
second shim being selected based upon the amount of 
difference said measured torque is aWay from said 
predetermined torque range; and 

c) positioning said second shim onto said rotary die cutter 
shaft until said second shim abuts said shoulder, reas 
sembling said spherical roller bearing and lock nut onto 
said shaft, and repeating steps (d—g) of claim 16 to 
preload said spherical roller onto said rotary die cutter 
shaft. 

11. The method of claim 8 further including displaying 
said measured torque on a digital display unit. 

12. The method of claim 8 further including displaying 
said speed of said motor on a digital display unit. 

13. The method of claim 8 further including displaying 
said measured torque on an analog display unit. 

14. The method of claim 8, further comprising providing 
a sWivel plate for retaining said rotary cutter die shaft in an 
aXial relationship With said motor, Wherein said providing a 
rotary die cutter shaft comprises providing a rotary die cutter 
shaft for a heavy rotary die cutter. 

15. The method of claim 14 Wherein said sWivel plate can 
sWivel up to 360 degrees for retaining said rotary die cutter 
shaft in an aXial relationship With said motor. 

16. The method of claim 15 Wherein said sWivel plate 
further comprises a pull type plunger locking mechanism for 
retaining said rotary die cutter shaft in an aXial relationship 
With said motor. 

17. The method of claim 16 comprising spring loading 
said pull type plunger in a doWn lock position. 

18. The method of claim 17 comprising pulling up said 
pull type plunger from the doWn lock position and rotating 
said sWivel plate about 180 degrees for axially aligning said 
opposite end rotary die cutter shaft bearing on the opposite 
end of said rotary die cutter shaft. 

19. A method of precisely preloading a reconditioned 
spherical roller bearing onto both ends of a rotary die cutter 
shaft, said method comprising the steps of: 
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a) providing a rotary die cutter shaft having a shoulder, a 

tapered surface adjacent to said shoulder, and a 
threaded portion adjacent to said tapered surface; 

b) sliding a ?rst shim onto said rotary die cutter shaft until 
said ?rst shim abuts said shoulder, said ?rst shim 
having a predetermined thickness; 

c) sliding a reconditioned spherical roller bearing onto 
said tapered surface, said reconditioned spherical roller 
bearing having an inner race, an outer race and a 
plurality of spherical roller elements positioned 
betWeen said inner race and said outer race; 

d) eXpanding said inner race by tightening a lock nut onto 
said threaded portion of said rotary die cutter shaft to 
force said inner race into contact With said ?rst shim, 
thereby preloading said reconditioned spherical roller 
bearing; 

e) connecting said outer race of said reconditioned spheri 
cal roller bearing to a motor and operating said motor 
at a predetermined speed; 

f) measuring and displaying the torque required to rotate 
said reconditioned spherical roller bearing; 

g) comparing said measured torque to a predetermined 
torque range to provide a measured torque comparison 
value and to determine if said reconditioned spherical 
roller bearing is precisely preloaded, Wherein if said 
measured torque comparison value is outside of said 
predetermined torque range, said method further 
includes: 
h) removing said lock nut, said reconditioned spherical 

roller bearing, and said ?rst shim; 
i) replacing said ?rst shim With a second shim having 

a different thickness, the thickness of said second 
shim being selected based upon an amount of dif 
ference said measured torque comparison value is 
aWay from said predetermined torque range; and 

positioning said second shim onto said rotary die cutter 
shaft until said second shim abuts said shoulder, reas 
sembling said reconditioned spherical roller bearing 
and lock nut onto said shaft, and repeating steps (d—g) 
to preload said reconditioned spherical roller onto said 
rotary die cutter shaft. 

20. The method of claim 19 further comprising providing 
a sWivel plate for retaining said rotary die cutter shaft in an 
aXial relationship With said motor, Wherein said sWivel plate 
can sWivel up to 360 degrees; providing a pull type plunger 
locking mechanism on said sWivel plate; spring loading said 
pull type plunger in a doWn lock position, Wherein the spring 
loaded pull type plunger locking mechanism is capable of 
pulling up said pull type plunger from the doWn lock 
position; and rotating said sWivel plate about 180 degrees for 
aXially aligning said motor With the opposite end of said 
rotary die cutter shaft. 

* * * * * 


